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Herbicidal compositions 

This invention relates to surfactant systems and in particular surfactant systems useful in 
herbicide formulations. The invention also relates to herbicide formulations comprising 
the surfactant system and a method of controlling or eradicating unwanted plants and 
5 vegetation using the herbicide formulations containing the surfactant system. 

Surfactant systems are important in herbicide compositions as promoters of wetting, 
spreading and penetration of the active agent. The surfactant system can affect efficacy of 
the herbicide composition and contribute to environmental effects such as aquatic toxicity 
1 0 and irritancy to skin and eyes. 

■ 

The efficacy, aquatic toxicity and irritancy of water soluble herbicides, such as N- 
(phosphonomethyl)glycine (glyphosate), 4-[hydroxy(methyl)phosphinoyl]-DL- 
homoalanine (glufosinate), ^l'-dimemyM^'-bipyridinium dichloride (paraquat 
15 dichloride), l.l'-ethylene^^'-bipyridyldiyhum dibromide (diquat dibromide) and phenoxy 
acid herbicides . can be affected by choice of surfactant system 

Some herbicide compositions include particular surfactant systems to enhance efficacy, 
however, these compositions often have undesirable properties such as unacceptable 
20 aquatic toxicity or irritancy. Some herbicidal compositions are formulated with particular 
surfactant systems to reduce aquatic toxicity or irritancy, but often at the expense of 
efficacy. There is a need for herbicidal compositions that exhibit acceptable aquatic 
toxicity and irritancy but not at the expense of efficacy of the compositions. 

25 Glyphosate and its salts are well known non-selective systemic herbicides, first developed 
in the early 1970's by Monsanto Company. After absorption through the foliage it is 
rapidly translocated to regions of metabolic activity, including the roots and shoots. It has 
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t een found toa. fommlanons of glyphosate wrto some snrfaCant adjuvants can lead to 
enhancement of herbicidal activity. 

» 

Wyrill and Bumside, Weed Science, 25, (1977), 275-287, conduced a study of the effect 
of differ surface on the herbicidal acnon of glyphosate. Some classes of surfactant 
« more effective than others to enhancing tie herbicide, effect of glyphosate (to 
pouter as a soluhon of the ^propylamine salt). Despite mis shady and subse^en, 
attempts to correlate gtyphosate activity enhancement wito surfacten, steucture, tie 
effectiveness of surfactants with glyphosate is variable and difficult to predacL 



10 



The most commonly used surfactant adjuvants in glyphosate formulations are the taUow 
.mine edtoxyla.es. While toese surfactants are very effective in enhancing toe acrivtty of 
dyphoaa^daeyhaverecannybeensho^mhaverigufficantaquadc^. 

lldtogly to many regions toe use of glyphosate compositions comprising tallow annne 
15 etooxylates to proximhy «= waterways and catehmen, aceas has been severely regulated, to 
pardc^axithasbeenshowntomabomBppmofaamndardeftoxylated^ow 

amme/glyphosate fbmudation haa an acute toxic effect on DapMa carina* according to 
standard 48 hour EC50 test. 



20 



Glypn osate compositions having surface, systems toctadtag aBtyMiamine teteaaflcoxyiate 
JLante or an aliyldiamtoe tetraaUcoxylate and an aUcy. glycoside or aDryipolyglycoarda 
surfactant were reported to WO 98/24313. White the surfactant system compnamg 
^diamine tehuafaxylate and aftyipolyglycoside was found to have good efficacy, toe 
fusion of toe aJkylpdyglycoside may tacrease irritancy and cause unacceptable foammg 
25 in the herbicide composition. 

N -a*y, amine ethoxyUtes and N-aKy. alkyldianttoe trialkoxylates have been ^cribed to 
wSandBumaide, WeeaSeie.ee, 25, (1977), 275-287 and AU 57556/90. Whrle these 
Stents have been found to be efficacious, especial* who used wito glyphosate, toey 
30 suffer ftom bemg aquaucally toxic and skin and eye irritants 
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PHosphated alcohol ethoxylate surfactants have been described in AU 641761. While 
these surfactants are known to be efficacious when used in glyphosate compositions and 
have low aquatic toxicity, their efficacy is not as good as other surfactants and they may be 
irritants unless the phosphate is fully neutralised. 

5 

It has been reported that the skin and eye irritancy of herbicide compositions may be 
reduced by using a combination of a phosphated alcohol alkoxylate surfactant and an alkyl 
amine ethoxylate surfactant as described in AU 653351. It appears that the reduction of 
irritancy results from the neutralising effect these surfactants have on one another. 
1 0 However, the large amount of alkylamine ethoxylate required results in increased aquatic 

toxicity. 

It has now been surprisingly found that a surfactant system comprising at least two 
surfactants selected from the group consisting of alkyldiamine tetraalkoxylate surfactants, 
1 5 N-alkyl alkyldiamine trialkoxylate surfactants and phosphated alcohol alkoxylate 

surfactants, when used in a herbicide composition comprising a water soluble herbicide, 
provides not only efficacious compositions, but low aquatic toxicity and low irritancy to 
skin and eyes. 

20 It has surprisingly been found that herbicide compositions comprising glyphosate and a 
surfactant system of the present invention have comparable efficacy over known and 
commonly used ethoxylated tallow amine compositions or the surfactants of the present 
surfactant system when used alone. 

25 According to a first aspect of the invention there is provided a herbicidal composition 

comprising a water soluble herbicide and/or a salt thereof and a surfactant system, wherein 
the surfactant system comprises at least two surfactants selected from the group consisting 

of: 

i) alkyldiamine tetraalkoxylate surfactants; 

30 ii) N-alkyl alkyldiamine trialkoxylate surfactants; and 

iii) phosphated alcohol alkoxylate surfactants. 
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Accordingto a second aspect of the invention there is provided ause of a surfactant system 
comprising at least two surfactants selected from the group consisting of: 
i) alkyldiamine tetraalkoxylate surfactants; 
5 ii) N-allcyl alkyldiamine trialkoxylate surfactants; and 
iii) phosphated alcohol alkoxylate surfactants; 

as an adjuvant in a herbicide composition, wherein said herbicide composition composes a 
water soluble herbicide. 

10 According to a third aspect of the invention there is provided a method of controlling or 
eradicating unwanted plants or vegetation comprising the step of applying to a locus where 
control or eradication is desired, a phytotoxic amount of a herbicidal composrtxon 
comprising a water soluble herbicide and a surfactant system, wherein the surfactant 
system comprises at least two surfactants selected from the group consisting of: 

15 i) alkyldiamine tetraalkoxylate surfactants; 

ii) N-alkyl alkyldiamine trialkoxylate surfactants; and 

iii) phosphated alcohol alkoxylate surfactants. 

According to a fourth aspect of the invention there is provided a surfactant system 
20 comprising at least two surfactants selected from the group consisting of: 
i) alkyldiamine tetraalkoxylate surfactants; 
H) N-alkyl alkylmamine trialkoxylate surfactants; and 
iii) phosphated alcohol alkoxylate surfactants. 



of an equivalent composition comprising an ethoxylated tallow amine as 



25 The term "low aquatic toxicity" is used herein in connection with the surfactants or 

herbicide compositions of the present invention to refer to an acute aquatic toxicity less 
than the toxicity 

fte surface component Tie «enn also indicates tat ft. toxicity of me snfactao. or 

.^^^^^^^^^^-^^^^^^ 
30 the toxicity of surfactants or herbicide compositions in the tocntty, region or coontry » 
which the surf aCnt or composition is need. The herbicide compositions according to the 
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present invention preferably meet a standard EC 50 or LC 50 test in respect of a suitable 
indicator organism, for example Daphnia species such as Daphnia carinata, at a 
concentration of lOOppm, more preferably 300ppm, and most preferably lOOOppm. 

Daphnia carinata results have been quoted in most of our aquatic toxicity test results. 
Often, literature aquatic toxicity values are quoted for another water flea species, Daphnia 
magna, however this species cannot be imported into Australia for testing. It is accepted, 
but not confirmed, that Daphnia carinata may in fact be even more sensitive to surfactants 
than its "cousin". 

As used herein, "water soluble herbicide" means a herbicide that is soluble in water under 
conditions of use, including conventional use rates and dilutions. For example, herbicides 
soluble in water at more than 1% weight per volume of composition. 

15 Examples of water soluble herbicides suitable for use in the composition of the present 
invention include N-(phosphonomethyl)glycine (glyphosate), 4- 
j>ydroxy(memyl)phosphmoyl]-DL-homoalanine (glufosinate), bipyridinium herbicides 
such as paraquat and diquat an salts thereof, amitrol, aromatic acid herbicides such as 2,4- 
D, MCPA, trichloropyr, pichloram, and bromoxynil and salts thereof 



10 



20 



25 



Suitable cations for salts of glyphosate and glufosinate include alkali metal cations, such as 
sodium or potassium, and ammonium or substituted ammonium cations. The latter cations 
being derived from primary and secondary amines such as isopropylamine or 
dimemylamine and from diamines such as ethylene diamine. 



Further, examples of agriculturally acceptable salts of glyphosate are trimethyl-sulfonium 
salt ("sulfosate") or aminoguanidine salts as disclosed inEP-A-0 088 180. Because 
glyphosate has more than one replaceable hydrogen atom, mono- and di-salts are possible, 
as well as mixtures of such salts. Typical glyphosate salts are the sodium, ammonium and 
30 trimethylsulphonium salts as well as the mixed alkylsulfonium salts and trialkyl salts. 
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A particularly useful salt of glufosinate is the ammonium salt. 

Suitable anions &r salts of bipytidinium herbicides include halide ions such a, chloride 
and bromide ions. 

' Particularly useful coons for aromatic acid herbicides are ammonium and alkyl 
ammonium salts. 

A particularly useful salt of bromoxynil is the potassium salt. 

0 

to a preferred embodiment the alkyldiamine tetruatoxylate surfactant composes a 
compound of formula (I): 

R(OAU (AO) m R 
R(OA)m (AO) m R 

t 

U wherein Qisalinearor branched C,-C 6 aUrylene, each AO is independent an alkylene 
oxide unir. each m is independent an integer select from 1 to 300 and each R « 
todependendy selected from hydrogen or an alkyl, acyl, benzyl or bolide group. 

20 Q is preferably -(CH2V wherein n is 2 to 6 or a branched alkylate group having 3 to 6 
carbon atoms such as 

— CH9 CH 2 — 



CB 



Most preferably Q is -CH2-CH2-. 



25 A0 is preferably a C-C ^^J^^^^^T- 
or burylene oxide. Most p^ferably AO is an emyleneoxide unit orpropylene oxrdeunrt 
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20 



Preferably m is an integer from 1 to about 180, more preferably 8 to about 145. 

Preferably R is hydrogen, methyl, acetyl or benzyl. Most preferably R is hydrogen. 

(AO) m may be a polymer of alkylene oxide units in which each AO unit is the same or 
different. Preferably, (AO) m is a copolymer of ethylene oxide and propylene oxide units. 



The alkylene oxide units may form homopolymers or copolymers, including block 
copolymers and random copolymers. For example, compounds of formula (I) may be 
1 0 made by starting with a compound of formula (II): 

HOA ^AOH 

N-Q-N (||) 
HOA AOH 

wherein Q is defined as in formula (I) and A is an alkylene group. The compound of 
1 5 formula (H) may then be condensed with an alkylene oxide unit wherein the alkylene 
group may be the same or different to A. The resulting compound may be further 
condensed with a different alkylene oxide unit and so on to give the final compound. 



Preferably, these surfactants have the following formula (HI): 

R-(OB) y (OA) x ^(AOMBOVR 

N-Q-N (III) 
R-(OB) y (OA)/ X (AO) x (BO) y -R 

wherein Q is as defined in formula (I) and AO and BO are different C 2 -C 4 alkylene oxide 
units, 

25 each R is independently H, C r C 6 alkyl, C 2 -C 4 acyl, benzyl or halide, and 

each x and y is independently an integer from 0 to 150, provided x and y are not both zero. 



t 
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Preferably AO is propylene oxide and BO is ethylene oxide, or AO is ethylene oxide and 
BO is propylene oxide. Where AO is propylene oxide and BO is ethylene oxrde, x ui 
preferably an integer from 1 to about 30, more preferably about 1 to about 25, and y . 
preferably 0 to about 1 50, more preferably about 4 to about 120. 

A preferred alkyldiamine tetraalkoxylate surfactant has the following formula (TV): 

H(OC 2 H 4 ) y (OC 3 H 6 ) xx (C 3 H 6 0) x (C 2 H 4 0) y H 

NCH 2 CH 2 N. [ } 



H(OC 2 H 4 )y(OC 3 H 6 )x 



1 0 wherein x and y are as defined for formula (HI). 



15 



20 



/ XC 3 H 6 0) x (C 2 H 4 0) y H 



Suitable alkyl diamine tetraalkoxylates which may be used as surfactants are the 
SYNPERONIC T™ series and TERIC 173™ which are commercially available ethylene 
diamine alkoxylates. TERIC 173™ is particularly suitable. TERIC 173™ is a compound 
of formula (TV) wherein x and y are 4. Also suitable are compounds of formula (TV) 
wherein X is 16 and y is 50 and compounds of formula (IV) wherein x is 22.5 and y rs 1 18 
Most suitable are compounds of formula (TV) wherein x is 1 and y is 4 or where x is 1 and 



yis5. 



In a preferred embodiment the N-alkyl alkyldiamine trialkoxylate surfactant comprises a 
compound of formula (V): 



R 2 (AO) q Ri 



— Q (V) 

R,(OA)/ (AO) r Ri 

25 wherein Q is a linear or branched C,C 6 alkylene or C 2 -C 6 alkenylene group, 

each AO is independently an alkylene oxide unit, ■ p + q + r is the average moles of alkylene 
oxide units and is in the range of 5 to 25, each R, is independently hydrogen or an alkyl, 
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10 



15 



20 



acyl, benzyl or halide group and R2 is a C 8 -C| 8 alkyl or C 8 -Cig alkenyl group. 

Q is preferably. -(CH 2 ) n - wherein n is 2 to 6 or a branched alkylene group having 3 to 6 
carbon atoms such as 

C H2 C H2 



CH 3 



Most preferably Q is -CH2-CH2-CH2- 



AO is preferably a C1-C4 alkylene oxide unit, for example, ethylene oxide, propylene oxide 
or butylene oxide. Most preferably AO is ethylene oxide or propylene oxide. 

Preferably p + q + r is an integer from 14 to 20 and most preferably from 16 to 18. 

Preferably Ri is selected from hydrogen, methyl, acetyl and benzyl. Most preferably Ri is 
hydrogen. 

Preferably R 2 is a Cn-Ciz alkyl group and most preferably a Ci 6 -Ci8 alkyl group. 

The alkylene oxide units may alternate in the chain. For example compounds of formula 
(V) may be made by starting with a compound of formula (VI): 



R 2 ^AOH 

V\ (VI) 
HOA AOH 



wherein Q is as defined in formula (V) and A is an alkylene group. The compound of 
formula (VI) may then be condensed with an alkylene oxide unit wherein the alkylene 
25 group may be the same or different to A. The resulting compound may be further 
condensed with a different alkylene oxide and so on to give the final compound. 



Preferably, these surfactants have the following formula (VH): 
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R 2 y (AO) q H 



V-Q-V (V") 



H(OA) p x 



(AO) r H 



q is KCH2 V wherein n is 2 to 6 or a branched alkylene group having 3 to 6 carbon atoms 



5 such as 

— CHo — CH 2 - 



CH 3 



Most preferably Q is -CH 2 -CH 2 -CH 2 -; and 

wh erein AO is an allcylene oxide unit in which A is selected from a strarght chaaned C 2 -C 4 
alkylene group or a branched C 2 -C 4 alkylene group such as 

— CH 2 — CH 2 — 



CH 3 



10 



preferably AO is ethylene oxide, 
p + q + r is in the range of 5 to 25, preferably 14 to 20 and most preferably 16 to 18. 
R 2 is preferably a C 12 -C 18 alkyl group and most preferably a GrCu -M W 

15 An example of a suitable N-alkyl alkyldiamine trialkoxylate is a compound of formula 
CVID wherein Q is -CH 2 -CH 2 -CH 2 -, A is -CH 2 -CH 2 -, p + q + r is 17 and R 2 rs a C 16 -C 18 
alkyl group (N-taUow 1,3-propane diamine + 17 moles of ethylene oxide). 

to a preferred embodiment, the phosphated alcohol alkoxylate surfactant comprises a 
20 compound of the formula (VHI) : 

O — M 

/ ^ (VIII) 
R 3 O— (AO)s Pn==° 

O — M ...... 

in which 

R 3 represents a C 4 -Cig alkyl group, 
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AO is an alkylene oxide unit where A may be selected from straight chained C 2 -C 4 
alkylene group or a branched C 2 -C 4 alkylene group such as 

— CH2 CH2 

CH 3 

preferably AO is ethylene oxide, 
5 s is an integer between 2 and 12, and 

each M is independently selected from a hydrogen atom or a sodium atom or an 
ammonium or alkylammonium group. 

Preferably, R 3 is an alkyl group having 12 to 14 carbon atoms and preferably s is 9 and M 
10 is hydrogen. 

An example of a suitable phosphated alcohol alkoxylate surfactant is a compound of 
formula (VET) where R 3 is a C 12 -C I4 alkyl group, A is ethylene, s is 9 and M is hydrogen. 

15 In one preferred aspect of the invention the surfactant system comprises an alkyldiamine 
tetraalkoxylate surfactant and an N-alkyl alkyldiamine trialkoxylate surfactant. The 
preferred ratio of alkyldiamine tetraalkoxylate to N-alkyl alkyldiamine trialkoxylate is at 
least 3:1. This system may further comprise an N-alkylamine alkoxylate surfactant having 
formula (TX): 



20 



(AO) r H 

R 4 1\ (|X) 

(AO) u -H 



wherein R4 is a Ci 2 -C lg alkyl or Ciz-Cjg alkenyl group, each AO is independently a C 2 -C 4 
alkylene oxide unit and t + u is the average moles of alkylene oxide units and is in the 
25 range of 5 to 20. 

A suitable N-allcylamine alkoxylate surfactant is TERIC 17M15™ where R4 is Ci 6 -C )8 
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alkyl, AO is ethylene oxide and n is 1 5 . 

The ratio of aUcyldianune tetraalkoxy.ate to the combmation of N-aUcyl alkyldianrine 
triataxylate and N-alkylarnine alkoxylate is preferably ao less than 3: 1 . 

5 fca^ aspect ofureinvenfion the surf^ system comprises a- aUcyldramine 
phosphated alcohol atocylate added is sufficient ,o provide a neutral pH. 

,0 In another aspect of the invention, the surfactant system comprises an N-aDcyl 

Zurrt of phosphatcd dcohol ablate added is sufrlcient ho provrde a neutral pH. 

Xp^ alcohol al^oxylare aurfacharh The preferred raho of aDryimamnre 

no^st^toK-alM*.^^^^^ 1 ^ 3 ^ 
Tie phosphated atohol alkoxylate is tettrer added ho give a nahral pH. 

20 The fhral composmon of mis surfactant system is preferably 50-70% afcyldianune 
^oU 10,0% N-aUtyl afcyidiamine «- - •«« 
a,coho. atatyWn, weight per weigh, of swfcc- system Most prefer^ me 

dJU» and 20% phosphated alcohol aKoxylate, weight per werght of surf^ant 
25 system. 

If one aurfacrant in me surfactant system has a low level ^ « * 

L to nrher surfcctan, or surfactents in the system have a higher level of aOroxyiahon. 

The composiuons hrclnde bom dilute composiriona which are teady for numedrate use and 



WO 02/43492 



PCT/AU01/01557 



-13- 



concentrated compositions which may require dilution before use. Therefore, the 
concentration of the active ingredient in the compositions of the present invention will vary 
depending on the type of formulation and whether the composition is ready for use such as, 
for example, a dust formulation or whether the composition is a concentrate such as, for 
5 example, a water soluble powder, a wettable powder or granule, which is suitable for 
dilution before use. In general the compositions of the present invention comprise from 1 
ppm to 99% by weight of active ingredient. 

■ 

The solid compositions may be in the form of powders, dusts, pellets, grains, and granules 
10 wherein the active ingredient and surfactant system are mixed with a solid diluent. 
Powders and dusts may be prepared by mixing or grinding the active ingredient and 
surfactant system with a solid carrier to give a finely divided composition. Granules, 
grains and pellets may be prepared by bonding the active ingredient and surfactant system 
to a solid carrier, for example by coating or impregnating the preformed granular solid 
1 5 carrier with the active ingredient or by agglomeration techniques. 

Examples of solid carriers include mineral earths and clays such as, for example, kaolin, 
bentonite, kieselguhr, Fuller's earth, Attaclay, diatomaceous earth, bole, loess, talc, chalk, 
dolomite, limestone, lime, calcium carbonate, powdered magnesia, magnesium oxide 

20 magnesium sulfate, gypsum, calcium sulfate, prophyllite, silicic acid, silicates and silica 
gels; fertilizers such as, for example, ammonium sulfite, ammonium phosphate, 
ammonium nitrate and urea; natural products of vegetable origin such as, for example, 
grain meals and flours, bark meals, wood meals, nutshell meals and cellulosic powders; 
and synthetic polymeric materials such as, for example, ground or powdered plastics and 

25 resins. 

A preferred liquid composition comprises an aqueous solution of the active ingredient or a 
dispersion of the parent acid form of the active ingredient, together with surfactant system 
which is suitable for application by spraying, atomizing or watering. Such aqueous 
30 compositions are generally prepared by mixing concentrated compositions with water. 
Suitable' concentrated compositions include solutions, pastes, oil dispersions, aqueous 
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^pensions and wetiable powders. The concedes are usuady requued ,0 — d 
storage to be copable of dUution wifo water to form aqueous preparations wtacti remaur 
iomogenous for a sufficient time ,0 enab.e dreur to be apptied by conveutional spray 
"pit * eooeenua.es convenientiy contein tiotn 20 fo 80-/, prefctably 20 to 60%, 
by weight of active ingredient. 

Tie surfaetan, system may also be added «o a spray tank soludoo of berbieide, ie. be 
appded as a tank added solution. Most preferab.y foe ierbicidal compositions axe Irqurd 
spray compositions. 

Tie compositions of foe preseut invention may also contain ofoer conventional adjuvant 
uormady formulated wifo berbieide fonnulations suci as aroWoaming agents, tnrckeners, 
beat sUbfflzers, uliaviole, absorbers, dispersants and fertilisers, and ofoer agncutarally 
aeceptable materials, including ffllera, sued aa talc, diatotnaceous ear* and tie ike and 
,5 dauems, sued as water. Tie eomposidona may also contain additional smfactan, adjuvants 
iaving low aquatic toxiehy, and low irritancy, prodded tie presenee of auei surface 
does not reduoe foe efficacy of foe ierbieidal oompositions below aeeeptable levels. 

Furttiermore, foe compositions of foe invention may be formulated so foeir properties, sued 
as cloud point, are appropriate for foeir conditions of use. 



10 



20 



Tie compositions of foe present invention may be used in foe contiol or eradication of 



unwanted plants or vegetation by appieadon to a locus wiere eontiol is desired. Normafly 
fte compositions are applied to fotiage of foe weed paste to be eradicated. A person skilled 
25 in tie art would be aile to determine foe appropriate application rate depending on foe 
terbicide, vegetetion to be eradicated and foe prevailing conditions wben used. 

Tie invention will now be described wifo reference to tie accompanying examples wiici 

illustrate some preferred embodiuente of foe invention and somecmparisons-Wtflr 

30 commemial formulations. However, it is to ie understood foat foe particularHy of foe 
fodowing description ia no, to supersede foe generadty of foe precedmg description of foe 
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invention. 



Example 1 : Formulation 1 

A stable liquid glyphosate formulation was prepared by combining glyphosate (360 g/L 
5 acid, present as the isopropylamine salt), plus 1 50 g/L of a blend of surfactants having 25% 
w/w tallow propylamine plus 17 moles ethylene oxide and 75% w/w of etoylenediamine 
condensed with 4 moles of propylene oxide and 16 moles of ethylene oxide, then to 
volume with water. 

1 0 Aquatic toxicity: 48 EC S0 {Daphnia carinata) = 1 95 mg/L 
•Ryfltn ple 2: Formulation 2: 

A stable liquid glyphosate formulation was prepared by combining glyphosate (360 g/L 
acid, present as the isopropylamine salt), plus 150 g/L of a blend of surfactants having 20% 
15 w/w tallow piopyldiarnine plus 17 moles ethylene oxide and 60% w/w of e%lenediainine 
condensed with 4 moles propylene oxide and 1 6 moles of ethylene oxide and 20% of a 
phosphated C 12 -C 14 alcohol ethoxylate having 9 moles ethylene oxide, then to volume with 

water. 



(Range 



F.vam ple 3 : Formulation 3: 

A stable liquid glyphosate formulation was prepared by combining glyphosate (490 g/L 
acid, present as the isopropylamine salt), plus 150 g/L of a blend of surfactants having 25% 
25 w/w tallow propyldiarnine plus 17 moles ethylene oxide and 75% w/w of emylenediamine 
condensed with 4 moles of propylene oxide and 16 moles of ethylene oxide, then to 
volume with water. 



F.fficac y Testing 

30 Formulation 1 from Example 1 , together with Formulations 2 and 3 were tested for 

efficacy against control samples containing 360 g/L (Control Formulation 1) or 490 g/L 
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(Control Fotmuiauon 2) glyphosafc (pr.sen, as me isopropylanrine salt) and 150 g*, .allow 
Line emo*y.a«e having ,5 moles of efcylene o^de. * compositions 
250 g a/ha and 450 g ai/ha and 4e percentage weed control was assessed 14 days after 
spray application. The results are shown in Table 1. 



Table 1 : Percentage (%) conu-ol 14 days after spray application of glyphosam treahnents 
applied at 250 and 450 g ai/hzL 
Formul ation 




Control Formulation 1 



Formulation 1 



Fonnulation2_ 
r nTitrnl Formulation 2 



Formulation 3 
Uns prayed contig l 



>tinsate dose (g ai/ha) 



63 J 



Mean 

561 
49 a 



0 




10 



15 



^fnunn^htin^^ 1— - «* 

significantly different (P<0.05) 

K can he seen from the above results drat the — systems of the present invention 
have comparable efficacy to those known in the art. 

rid present as me isopropylamine salt), pina 120 g/L of efhyienedtannne plus 4 moles of 
propyiene oxide and 16 moles of ethylene oxide, then to votame with water. 



Aquatic toxicity: 



48 br EC 50 (Daphnia carinata) = 766 mg/L 



20 



Efficacy was measures by assessing fresh weigh, reduction on annual ryegrass at 14 days 
after application The control formations contained 360 g/L glyphosa* present as me 
propylamine sal. and 170 rf. surface, comprising emylenedtamme plus 4mo.es of 
"^e and 16 moiestf etiaylene ^de and a.ylnolyg.ucosmes. The results a. 



25 shown in Table 2 . 
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Table 2: Bioefficacy data for surfactant systems in 360 g/L glyphosate. 





EDso 


Fnrmulation 4 


134 


Control Formulation 3 


53 


Control Formulation 4 


58 


Control Formulation 5 


59 


Control Formulation 6 


62 



It can be seen from the results that alkyl diamine tetraalkoxylates have low aquatic toxicity 
but reduced efficacy when used as the only surfactant in herbicidal compositions. 



10 



F-y am ple 5 : Formulation 5 

A commercial 450 g/L glyphosate formulation, containing a phosphated alcohol ethoxylate 
as the primary surfactant, was tested for efficacy against the industry standard 450 g/L 
glyphosate formulation 



Efficacy was measured by assessing % ryegrass control 21 days after application The 
control formulation comprised a 450 g/L glyphosate formulation and a tallow amine 
ethoxylate surfactant having 15 moles of ethylene oxide 



15 The results are shown in Table 3. 



Table 3: percentage control of ryegrass 21 days after application. 





% control 


Formulation 5 


30 


Control Formulation 7 


50 1 



It can be seen from the above results that when phosphated alcohol ethoxylates are used as 
20 the only surfactant, the herbicide compositions have reduced efficacy. 



Example 6 : 

Surfactant aquatic toxicity was measured for some surfactants alone. The results are 
shown in Table 4. 

25 
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Table 4: . 




Surfactant 


EC 5 o (Daphnia carinata) 

(T57 


■ ; :• i_ 1 a ^^Iaq p+hvlene oxide 


3.0 

" MO 


jailowjDr^ ~ 



These surfactants alone have high aquatic toxicity. 



10 



15 



aciostreng f ethylene oxide and 75% w/w of 

k a vincrl5%w/wtallowpropyldiaiiuneplusl7moiesoicuiy 

XL —* -* 4 ttto.es o t ptopv,e.e oxide - » — 
oxide, then to volume with water. 

^li^^-«*' ta BO^ofablettdof — 
acid strengtn pr ^ ^ wA? ^ 

h avmg20%WwtaUo W propyld,a m me pte 17molesot y 



sthylene diamine condensed with 



4 moles of propylene oxide and 20 moles of ethylene 



20 



25 t 



* v u + ^r r„ alcohol ethoxylate having 9 moles of ethylene 
oxide and 20% w/w of a phosphated Ci 2 -C M alconoi em y 

oxide, then to volume with water. 

ta*. 6 front Example 7 and Formulation 7 from Ex m p>e 8 y 

Mancy togedter Control 1 - F — ' 

.olutionofsodiumlamyl sulphate (SW) as active matter. 

• ^ nnt fn vi/ro using the Zein Test. Zein testing is based on 
The irritancy testing was earned out m vitro using 

; vrl faMOt ein W m surfactant or other solution and is expressed as mg of 

the solubility of a protein zem uia — ^^^t^T/hip 

^itesting is usuaUy used as a first stage screemng test due 



nitrogen/lOOmL of sam; 
to its correlation with in vivo tests. The results are 

assigned in mgN/100mL. 



shown in Table 5 with the Zein Score 
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Table 5: 



in 



viti-o irritancy date for surfactant systems in 360g/L glyphosate 



Formulation 


Zein Score (mgN/100mL Solution) 


Formulation 6 


- 14 


Formulation 7 


10 


Control Formulation 1 


28 



As can be seen from this data, the irritancy score of the formulation of Example 7 and 
Example 8 are considerably reduced compared to that of the control formulations. 



10 



Example 9 

A stable liquid glyphosate formulation was prepared by combining glyphosate (360g/L 
acid strength present as the isopropylamine salt) plus 150g/L of a blend of surfactants 
having 25% w/w tallow propylamine plus 17 moles of ethylene oxide and 75% w/w of a 
phosphated C 12 -C l4 alcohol ethoxylate having 9 moles of ethylene oxide, then to volume 
with water. 



Example 10 

A stable liquid glyphosate formulation was prepared by combining glyphosate (360g/L 
15 acid strength present as the isopropylamine salt) plus 150g/Lof a blend of surfactants 
having 60% w/w of ethylene diamine condensed with 4 moles of propylene oxide and 16 
moles of ethylene oxide and 20% w/w of a phosphated C 12 -Ci 4 alcohol ethoxylate having 9 
moles of ethylene oxide, together with 20% w/w tallow amine condensed with 1 5 moles of 
ethylene oxide, then to volume with water. 

20 

Example 1 1 

A stable liquid glyphosate formulation was prepared by combining glyphosate (360g/L 
acid strength present as the isopropylamine salt) plus 1 50g/L of a blend of surfactants 
having 70% w/w of ethylene diamine condensed with 4 moles of propylene oxide and 16 
25 moles of ethylene oxide and 30% w/w of a phosphated C 12 -C 14 alcohol ethoxylate having 9 
moles of ethylene oxide, then to volume with water. 
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Ry ample 12 

A stable liquid paraquat formulation was prepared by combining paraquat Chloride 
(200g/L strength present as the salt) plus 120 g/L of a blend of surfactants having 25% 
5 w/w tallow propylamine plus 1 7 moles of ethylene oxide and 75% w/w of ethylene 
famine condensed with 4 moles of propylene oxide and 16 moles of ethylene oxide, then 
to volume with water. The formulation was buffered to acid pH, and minor amount of 
stench and emetic were added. 

10 Example 13 

A stable liquid hormone ester formulation was prepared by combining 2,4-D amine 
(200g/L strength present as the ammonium salt) plus 100 g/L of ablend of surfactants 
having 25% w/w tallow propylamine plus 17 moles of ethylene oxide and 75% w/w of 
ethylene diamine condensed with 4 moles of propylene oxide and 16 moles of ethylene 
1 5 oxide, then to volume with water. 



am ple 14 

A stable granular formulation was prepared by combining glyphosate (510g/kg present as 
the ammonium salt) plus 150g/L of ablend of surfactants having 25% w/wtallow 
propylamine plus 25 moles of ethylene oxide and 75% w/w of ethylene diannne 
condensed with 16 moles of propylene oxide and 50 moles of ethylene oxide, together with 
150g/L of powdered urea, then to weight with ammonium sulphate. The mixture was 
extruded with a minimal amount of water then dried to give granular composmon winch 
dissolved readily. 



20 



25 



Throughout this specification and the claims which Mow, unless the context requires 
otherwise the word "comprise", and variations such as "comprises" and "comprising", wxll 
be understood to imply the inclusion of a stated integer or step or group of integers or steps 
but not the exclusion of any other integer or step or group of integers or steps 



30 
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The reference to any prior art in this specification is not, and should not be taken as, an 
acknowledgment or any form of suggestion that that prior art forms part of the common 
general knowledge in Australia. 
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THE 



CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 



! A herbicidal composition comprising a water solnble herbicide and/or a salt thereof 
and a snrfactant system, wherein the surfactant system comprises at least two surfactants 

5 selected from the group consisting of: 

i) alkyldiamine tetraalkoxylate surfactants; 

ii) N-alkyl alkylmamine trialkoxylate surfactants; and 
Ui) phosphated alcohol allocate surfactants. 

10 2 Aherbiciddcompositionaccordingtoclaimlwheremmesurf^^^ 

comprises an alkyldiamine tefraalkoxylate surfactant and an N-alkyl alkylmamine 
trialkoxylate surfactant. 

3 A herbicidal composition according to claim 1 wherein the snrfactant system 

a comprises an alkyldiamine tebaaBcoxyte snrfacfcn. and a phosphated alcohol alkylate 

surfactant. 

4 A herbicidal composition according to claim 1 wherein the surfactant system 
comprises an N-alkyl alkyldiamine trialkoxylate snrfactan« and a phosphated alcohol 

20 alkoxylate surfactant. 

5 A herbicidal composition according to claim 1 wherein the surfactant system 
comprises an alkyldiamine tetraalkoxylate surfactant, an N-alkyl alkyldiamme 



25 



trialkoxylate surfactant and a phosphated alcohol alkoxylate surfactant. 

6 . A herbicidal composition according to claim 1 wherein the alkyldiamine 
tetraalkoxylate surfactant comprises a compound of formula (I): 

R(OA) m (AO) m R 

~---~---~^ N =Q^ — © 



/ D 

R(OA)nf (AO) m K 



■J - 
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wherein Q is a linear or branched C1-C6 alkylene; 
each AO is independently an alkylene oxide unit; 
. each m is independently an integer selected from 1 to 300; and 
each R is independently selected from hydrogen, alkyl, acyl, benzyl or halide. 

5 

7. A herbicidal composition according to claim 6 wherein Q is -(CEfe),,- wherein n is 
2 to 6, or a branched alkylene group having 3 to 6 carbon atoms. 

8 . A herbicidal composition according to claim 7 wherein Q is -CH 2 -CH 2 -. 

10 

9. A herbicidal composition according to claim 6 wherein each AO is independently a 
C1-C4 alkylene oxide unit 

10. A herbicidal composition according to claim 9 wherein each AO is independently 
1 5 selected from ethylene oxide and propylene oxide. 

11. A herbicidal composition according to claim 6 wherein m is an integer from 1 to 
about 180. 

20 12. A herbicidal composition according to claim 1 1 wherein m is an integer from 8 to 
about 145. 

13. A herbicidal composition according to claim 6 wherein R is hydrogen, methyl, 
acetyl or benzyl. 

25 

14. A herbicidal composition according to claim 1 3 wherein R is hydrogen. 



15. A herbicidal composition according to claim 6 wherein the alkyldiamine 
tetraalkoxylate surfactant comprises a compound of formula (HI): 
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R-(OB) y (OA) Xx /(AO) x (BO) y -R 

R-(OB) y (OA)/ X (AO) x (BO) y -R 

wherein AO and BO are different C2-C4 alkylene oxide units; 

independent n^e, «. C 2 -C 4 * *^ « 
eacnxandyisaninteger^OtoSCprovided^atxandyarenot^O. 



5 16 Ahe rbiciM^^ 

17 A^cidalcon.positionaccordingtoclai. 
10 te^aalkoxylate surfactant comprises a confound of formula (TV): 

H(OC 2 H4) y (OC 3 H6)xv / v (1V ) 

\lCH 2 CH 2 N 

HCOCaH^w/ X (C3^«C 2 H 4 0 )y H 
wterei n x and y are ft — *°» 0 to .50, provided *at x a,* y are "* ^ °' 

^coordine to claim 1 herein tte N-alkyl alkyldiaffliiK 
18 A berbicidal composition according to u 
15 triatoxylatcsnrfec^tccmpriscsac.mponndofformnlaW: 

R 2 ,(AO),Ri 
\l-Q-N. (V) 

R^OA)/ (AO)rR, 
^ Qisalinearor branched C-C afcyiene or Xylene group; 

- AO is ^—^-J^L mi U an mtcger seiected a« . * 
p + q + r is the average moles ot aucyien 

R 2 is a CrG, alkyl or C g -C„ atony! gronp. 
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1 9. A herbicidal composition according to claim 1 8 wherein Q is -(CH 2 ) n - wherein n is 
2 to 6, or a branched alkylene group having 3 to 6 carbon atoms. 

20. A herbicidal composition according to claim 19 wherein Q is -CH2-CH2-CH2-. 

5 

21. A herbicidal composition according to claim 18 wherein each AO is independently 
a C1-C4 alkylene oxide unit. 

22. A herbicidal composition according to claim 21 wherein each AO is independently 
1 0 selected from ethylene oxide and propylene oxide. 

23 . A herbicidal composition according to claim 1 8 wherein p + q + r is an integer 
from 14 to 20. 

15 24. A herbicidal composition according to claim 23 wherein p + q + r is an integer 
from 16 to 18. 

25. A herbicidal composition according to claim 1 8 wherein Ri is selected from 
hydrogen, methyl, acetyl and benzyl. 

20 

26. A herbicidal composition according to claim 25 wherein Ri is hydrogen. 

27. A herbicidal composition according to claim 1 8 wherein R 2 is a Ci 2 -Ci 8 alkyl 
group. 

25 

28. A herbicidal composition according to claim 27 wherein R 2 is a Ci 6 -Ci 8 alkyl 
group. 

29. A herbicidal composition according to claim 18 wherein the N-alkyl alkyldiamine 
3 0 trialkoxylate surfactant comprises a compound of formula (VII) : 
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r 2 ;ao)q h 



— Q — <y») 



H(OA)/ (AO) r H 
wherein Q is <CZ 2 y wherein n is 2 to 6 or a branched alkylene group having 3 to 6 

carbon atoms; . . 

AO is a straight chain C 2 -C 4 alkylene oxide unit or a branched C 2 -C 4 alkylene oxxde unrt; 

5 p + q + risintherangeof5to25;and 
R 2 is a Cn-Cig alkyl group. 



30. A 



herbicidal composition according to claim 29 wherein Q is -CH 2 -CH 2 -CH 2 -. 
herbicidal composition according to claim 29 wherein AO is ethylene oxide. 
32 . A herbicidal composition according to claim 29 wherein p + q + r is in the range of 



10 31. A 



14 to 20. 

15 33. AtoWcidB^mpositioua^xdtagtoclaimSa^ereinp + q^isfa^rangeof 
16 to 18. 

34. A herbicidal composition according to claim 29 wherein R 2 is a C,rC» alkyl 
group. 

20 35 Aherb icidd^ 

trialkoxylate surfactant is a compound of formula (VII) wherein Q is 
-CH 2 -CH 2 -CH 2 -, AO is ethylene oxide, p + q + r is 17 and R 2 is a C 16 .C lg alkyl group. 

25 36. A herbicidal compositional^ 

ff frnwlate comprises a c ompound _ - 
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O M 

R 3 O (AO) s P==0 

0 M . 



(VIII) 



wherein R 3 is a C 4 -Ci 8 alkyl group; 

AO is a straight chain C 2 -C 4 alkylene oxide unit or a branched C 2 -C 4 alkylene oxide unit; 

s is an integer between 2 and 12; and 
5 each M is independently selected from a hydrogen atom, a sodium atom or an ammonium 

or alkyl ammonium group. 

37. A herbicide composition according to claim 36 wherein AO is ethylene oxide. 

10 38. A herbicide composition according to claim 36 wherein R 3 is a Ci 2 -Ci 4 alkyl group, 
AO is ethylene oxide, s is 9 and M is hydrogen. 

39. A herbicide composition according to claim 2 wherein the surfactant system further 
comprises an N-alkylamine alkoxylate of formula (IX): 

R4 (1X ) 

15 (AO) u -H 

wherein R» is a Ci 2 -Ci 4 alkyl or C 12 -C M alkenyl group; 

each AO is independently a C 2 -C 4 alkylene oxide unit; and 

t + u is the average moles of alkylene oxide units and is in the range of 5 to 20. 

20 40. A herbicidal composition according to claim 1 wherein the ratio of alkylcuamine 
tetraalkoxylate to N-alkyl alkylmamine trialkoxylate is at least 3:1. 



25 



41. A herbicidal composition according to claim 39 wherein the ratio of afkyldiamine 
tetraalkoxylate to the combination of N-alkyl alkyldiamine trialkoxylate and N-alkylamine 
alkoxylate is at least 3:1 . 
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42 A herbicide composition according «o claim 5 comprising 50-70% a^.^. 
alcohol allcoxyiate, weight per weight of the surfactant system. 

5 43 A herbicidal composition according to claim 42 comprising 6()% alkyldiamine 
!„.a,e, 20% N** triaKoxylate and W phosphaed alcoho, 

alkylate, weight per weight of the surfactant system. 

10 M AherhieidrdcomposihonaceordmgmciaimWheremmewa.rso^eherhieide 

todroxyCmethyDphosphinoyll-DL-homoalamne (glufosmate), bipyn 
to^omaL aeid herbicides, MCPA, nichloropyr, pichloram, «. bromoxyml and 



fHTH 

salts thereof. 



15 



a;™ tn rlaim 44 wherein the water soluble 
45 A herbicidal composition according to claim 44 wne 

herbicide is N-(phosphonomethyl)glycine or salts thereof. 

• • rr o+ ipnet two surfactants selected from the 
46. Use of a surfactant system comprising at least two surtac 

20 group consisting of: 

i} alkyldiamine tetraalkoxylate surfactants; 

2) N-alkyl alkyldiamine txialkoxylate surfactants; and 

ii« phosphated alcohol alkoxylate surfactants; 

. u- -a position wherein said herbicide composition comprises 
as an adjuvant in a herbicide composition, wner 

25 water soluble herbicide. 



47 A memod of comxoffing or eradicating unwanted plants or vegehnron eompnsmg 
t step of applying to a locus where control or eradication is deshed, a phytotoxrc amount 

30 1 .tthe surfal, system comprises a, lea, rwo — seleoted from the group 



consisting of: 
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i) 

ii) 
iii) 



alkyldiamine tetraalkoxylate surfactants; 

N-alkyl alkyldiamine trialkoxylate surfactants; and 

phosphated alcohol alkoxylate surfactanfs. 



5 48. A surfactant system comprising at least two surfactants selected from the group 
consisting of: 

i) alkyldiamine tetraalkoxylate surfactants; 

ii) N-alkyl alkyldiamine trialkoxylate surfactants; and 

iii) phosphated alcohol alkoxylate surfactants. 
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